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Abstract 
Haematological parameters are considered as promising indicators of the physiological 
status of the animal.  The present study was carried out on the influence of different 
solvent extractions of Tribulus terrestris extract on mercuric chloride (1.2 mg/kg body 
weight) intoxicated mice.  An enhanced level of  aspartate transaminase (AST), alanine 
transaminase (ALT) activities and bilirubin content were noticed in mercury intoxicated 
animal. The increased in the enzymatic activity may be due to the damage to the cells 
of liver caused by the heavy metal. But, the mercury intoxicated mice were treated with 
different solvent extraction of Tribulus terrestris  showed the restoration of 
haematological parameters. 
 
1. Introduction 
The major route of absorption of 
environmental pollutant (heavy metal) is blood.  It 
is the only medium of internal transporter, which 
directly contacts with various organs of the body 
and transport to the target tissues.  A 
pathophysiological reflector of the whole body is 
blood and it is also play vital role for the regulation 
of life processes (1). Its’ composition and 
constituents undergo changes due to the toxic 
effect of various toxicants (2-6).  Vatal and Aiyar (7) 
observed changes in AST and ALT level in the 
blood of heavy metal treated rats. 
Haematoenzymological reports on mammalian 
system due to heavy metal treatments are scanty. 
 
In the present study, showed how far mercury 
treatment has interfered with haematoenzymology. 
Various parameters such as AST, ALT and bilirubin 
of the blood reveal the physiological status of the 
animal.  It is worth pointing out that there has not 
been any attempt to study the effect of herbal, 
Tribulus terrestris on mercuric chloride intoxicated 
mice.  In this context, the present work was carried 
out on mice with reference to the effects of sub-
lethal dose of mercuric chloride followed by 
different solvent extractions of             T. terrestris. 
 
2. Materials and Methods 
Selection of plant 
Tribulus terrestris L. (Zygophyllaceae) commonly 
known as caltrops or devil’s thorn, Gokshura in 
Sanskrit and Nerunji in Tamil, is an annual or 
perennial plant found trailing in sandy soils 
throughout India.  It is used as Ayurvedic medicine 
in 52 to 141 herbal formulations.  The beneficial 
effects are diuretic, tonic and curing the kidney 
diseases and also removal of stone from the kidney 
tissues (8-10). 
Preparation of plant extract 
Fresh leaves, fruits and flowers were collected 
and dried in shade in room temperature (25+-20C) 
and powdered in an electric blender.  Then, 250g 
powder of Tribulus terrestris was kept in the soxhlet 
apparatus.   Soxhlation was done for the different 
solvents (pet-ether, benzene, ethyl acetate, 
chloroform and methanol) upto 24 hours for 
separating the contents, which were present in it. 
Range finding test 
Acute toxicity studies of Tribulus terrestris 
extract of different solvents were carried out on 
female Swiss albino mice.  The solutions were 
prepared over a wide range of concentrations for 
Tribulus terrestris extract of different solvents 
(5,10,15,20 and 25mg/kg body weight of the 
animal).  The range finding tests were conducted by 
allowing 6 mice in each dose after the oral 
administration of the extract.  The rate of mortality 
was observed in each dose at different periods. The 
dose at which 100% survival was observed at 
maximum concentration for 15 days was 
considered as sub-lethal dose.  Based on the range 
finding test, the sub-lethal dose for albino mice was 
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found to be 6mg /kg body weight of the animal for 
Tribulus terrestris extract of different solvents. 
Experimental design 
Sixty laboratories breed white mice, M. 
musculus (Linn.), 45 days old and weighing 25+ 0.5 
gram were procured from the Department of 
Experimental Science, RMMCH, Annamalai 
University. After acclimatization, the mice were 
divided into 4 batches (III and IV batches divided 
into 5 groups of six animals each) of required 
animals each.  They were housed separately in 
suitable cage and fed on standard laboratory diet 
supplied by Hindustan laboratory Linmited, 
Mumbai and Tap water ad-libitum. Experimental 
protocol was approved by the Institutional Animals 
Ethics Committee (IAEC) of RMMCH, Annamalai 
University, Annamalai nagar – 608 002 India.
 
Batch I Untreated control Kept on standard diet and clean water ad libitum 
and observed for 45 days. 
Batch II Mercury treated 1.2 mg of mercuric chloride/kg body weight, 
orally, every day upto 45 days. 
Batch 
III 
 
Extract treatment on 45 days 
mercury intoxicated mice 
 
 
Group 1 Pet- ether extraction of Tribulus 
terrestris treated on mercury 
intoxicated mice. 
6 mg of Tribulus terrestris extract /kg body weight 
orally, every day upto 15 days. 
Group 2 Benzene extraction of Tribulus 
terrestris treated on mercury 
intoxicated mice. 
6 mg of Tribulus terrestris extract /kg body weight 
orally, every day upto 15 days. 
Group 3 Ethyl acetate extraction of 
Tribulus terrestris treated on 
mercury intoxicated mice. 
6 mg of Tribulus terrestris extract /kg body weight 
orally, every day upto 15 days. 
Group 4 Chloroform extraction of 
Tribulus terrestris treated on 
mercury intoxicated mice. 
6 mg of Tribulus terrestris extract /kg body weight 
orally, every day upto 15 days. 
Group 5 Methanol extraction of Tribulus 
terrestris treated on mercury 
intoxicated mice. 
6 mg of Tribulus terrestris extract /kg body weight 
orally, every day upto 15 days. 
 
 
Batch 
IV 
 
Extract alone on untreated 
control mice 
 
 
Group 6 Pet- ether extraction of Tribulus 
terrestris alone 
6 mg of Tribulus terrestris extract /kg body weight 
orally, every day upto 15 days. 
Group 7 Benzene extraction of Tribulus 
terrestris alone 
6 mg of Tribulus terrestris extract /kg body weight 
orally, every day upto 15 days. 
 
Group 8 Ethyl acetate extraction of 
Tribulus terrestris alone 
6 mg of Tribulus terrestris extract /kg body weight 
orally, every day upto 15 days. 
Group 9 Chloroform extraction of 
Tribulus terrestris alone 
6 mg of Tribulus terrestris extract /kg body weight 
orally, every day upto 15 days. 
Group 
10 
Methanol extraction of Tribulus 
terrestris alone 
6 mg of Tribulus terrestris extract /kg body weight 
orally, every day upto 15 days. 
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After the scheduled treatment, the animals 
were sacrificed by cervical dislocation and the 
blood was collected immediately and then used for 
following estimations. 
Estimation of Serum Aspartate 
Transaminase (AST) and Serum Alanine 
Transaminase (ALT) 
AST and ALT was determined by the 
method of king (11). 
1ml of AST and ALT substrates (AST 
substrate– 1.33g of L-aspartic acid and 15 mg of  
-ketoglutaric acid were dissolved in 20.5 ml of 
buffer and 1N sodium hydroxide to adjust PH 7.5 
and made up to 50 ml with the phosphate buffer, 
ALT substrate - 1.78g of D L- alanine and 30 mg 
of - ketoglutaric acid were dissolved in 20 ml of 
buffer. The PH   was adjusted to 7.5 with 1N 
sodium hydroxide and made up to 100 ml with 
buffer. A few drops of chloroform were added to 
the substrates.) was taken into a clean test tubes 
and it was incubated for 5 minutes at 37c.   Then 
0.2ml of serum was added in the test tubes and 
incubation was continued for an hour in the case of 
AST and 30 minutes for ALT.  The reaction was 
arrested by adding 1.0 ml of colour reagent (200 mg 
of 2,4, dinitrophenyl hydrazine (DNPH) was 
dissolved in hot 1N hydrochloric acid and made up 
to 100 ml with hydrochloric acid). And then the 
tubes were kept at room temperature for 20 
minutes.  Then 10ml of 0.4N sodium hydroxide 
solution was added and the color developed was 
read at 520 nm against the reagent blank in the UV- 
spectrophotometer.  A set of pyruvic acid was also 
treated in the similar manner for the standard. 
The activities of serum AST and ALT are 
expressed as U/L of serum. 
 
Estimation of Serum Bilirubin 
Serum bilirubin was estimated by the method 
of Malloy and Evelyn (12). 
0.2ml of serum was taken in a clean dry test 
tube.  The following reagent mixture was added to 
the test tube.  The reagent mixture, consisting of 
1.8ml of distilled water, 0.5 ml of diazo-reagent 
(prepared freshly before use by mixing 10 ml of a 
1% solution of sulphanilic acid in 0.2N 
hydrochloric acid and 0.3 ml of 0.5% sodium nitrite 
solution) and 2.5 ml of methanol was added and 
then allowed to stand in the room temperature for 
30 minutes.  The color developed was read at 540 
nm against the reagent blank in the UV- 
spectrophotometer. Bilirubin was used to construct 
the standard graph. 
The serum bilirubin level is expressed as mg/dl 
of serum. 
 
3. Results 
Changes in Serum Parameters 
The level of AST, ALT and bilirubin values 
noticed in the untreated control mice were 137.08 
4.469 U/L, 38.03 2.953 U/L and 0.31 0.068 
mg/dl in the respective factors (Table- 1). 
Serum Aspartate Transaminase (AST) level 
The mercury intoxicated mice showed an 
increase in AST level. The percentage change over 
control was +67.296. During the recovery period, 
both increase and decrease trend of AST levels 
were observed in the serum of mercury intoxicated 
mice again treated with different solvent (Pet-ether, 
Benzene, Ethyl acetate, chloroform and Methanol) 
extractions of Tribulus terrestris respectively. The 
percentage change over mercury treated were 
+1.746, +64.628, -28.384, -18.777 and –22.270 
respectively.  The extract alone treated groups were 
showed +3.649, +55.474, +1.459, -8.759 and –
20.437  percentage change over untreated control in 
the respective groups (Table- 1). 
Serum Alanine Transaminase (ALT) level 
An enhanced level of ALT activity was noticed 
in the mercury treated mice. The percentage change 
over untreated control was +20.457. During the 
recovery period, the mercury intoxicated mice were 
again treated with different solvent extractions of  
Tribulus terrestris for 15 days, the mice were showed 
both decreased and increased level of ALT activity 
in the respective groups.  The percentage change 
over mercury treated were –5.631, +152.988, -
10.973, +0.851 and +30.102 in the group 1 to 
group 5. The respective solvent extract alone 
treated mice also showed an enhanced level of ALT 
activity (+40.967, +53.983, +20.851, +29.108 and 
+22.008) (Table- 1). 
Total Bilirubin 
Treatment of mercury on untreated control 
mice showed considerable increase in the level of 
total bilirubin content in the serum. The percentage 
change over untreated control was +70.967. During 
the recovery period, the respective solvent 
extractions of T. terrestis treated mice were shows 
the decreased and an increased level (-15.094, 
+13.207, -37.735, -15.094 and +13.207) of total 
bilirubin content in the serum.  Different solvents 
of Tribulus terrestris extract alone treated groups 
animals showed +6.451, +29.032, -3.225, +6.451 
and +12.903 percentage change over untreated 
control of the respective groups (Table- 1). 
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4. Discussion 
Aminotransferases are the enzymes having 
wide tissue distribution with the highest 
concentrations found in the liver and kidney tissues. 
Any alteration in the level of these enzymes in the 
serum/plasma indicates hepatocellular damage (13). 
Adolph and Lorenz (14) also pointed out that 
severe hepatocellular lesions with hepatic 
parenchymal cells necrosis are usually accompained 
by a marked elevation of serum transaminases. 
Liver functions have been estimated by 
transaminase activities of serum. AST  and  ALT, 
which has been extensively studied during acute 
and chronic intoxication of the liver (15). Changes 
in metabollic activities of liver enzymes are related 
to the metabolic activation or detoxification of 
hepatotoxic compounds (16-19). Bilirubin is a 
product of hemoglobin degradation and its 
accumulation is a measure of the hepatocyte 
formation and the rate of erythrocyte degradation. 
Although it is not a sensitive indicator, bilirubin 
levels may raise in disease of hepatocytes (necrosis), 
or excretion (duct obstruction), defects in 
conjugating enzymes and in haemolysis (20). There 
may be a reduction in the number of functioning 
liver cells as in chronic hepatitis. So, that all liver 
functions are impaired. Bilirubin estimation is 
reliable sensitive in the diagnosis of hepatic diseases 
(21). 
In the present investigation, the increased level 
of AST, ALT, and bilirubin level in the serum were 
observed at sub-lethal concentration of mercuric 
chloride treatment for 45days.  Normally, the blood 
serum contains higher level of AST than   ALT.  
During the mercury treatment, the condition of the 
respective enzymes level was maintained, but, the 
increasing level of AST was higher than the ALT. 
Accumulation of toxicants beyond a tolerable level 
in the liver may cause histopathological and 
enzymatic changes (18 & 22). Mercury significantly 
raised the AST and ALT level and they serve as 
reliable markers of liver cell damage. Antioxidants 
succeeded in restricting the efflux of transaminases 
from liver to blood. Rana et al. (15) also reported 
that mercury inhibits key enzymes in the blood and 
also in several tissues like liver, kidney, brain etc. 
The increased AST and ALT were due to tissue 
damage and subsequent leakage or due to increased 
synthesis of aminotransferases (23 & 19). The liver 
damage indicated as the increase in ALT activity, 
which is known to be the most sensitive parameter 
of acute hepatotoxicity caused by the heavy metals 
(24 & 17). The elevation of bilirubin in mice mainly 
suggested that the cellular damage occurred in the 
liver tissue leading to the failure of excretion of 
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bilirubin into the bile. Blockage and damage of bile 
duct was also one of the reasons for the increased 
bilirubin level in the serum.  The increased bilirubin 
may be due to the conditions such as toxic metal in 
which there is an extensive damage to liver cells but 
also a considerable degree of intrahepatic 
obstruction, resulting in appreciable increase (25). 
The another possible reason for elevated level of 
bilirubin was due to enhanced hemolysis.   
During the recovery span, the 45 days mercury 
intoxicated mice, treated with Tribulus terrestris 
extract of different solvents  were showed  
decreased level of AST in all groups except group1 
and group2 than mercury intoxicated mice. These 
observations confirm improved liver functions in 
mice and group3 showed drastic recovery and also 
showed decreased level of bilirubin in all groups 
except group2 and group 5 than the mercury 
intoxicated mice. Decrease in serum bilirubin level 
after treatment with the extract indicates the 
effectiveness of the extract in normal functional 
status of the liver. This might be the possible 
reason for reduced bilirubin level in serum. These 
observations also suggested the protective action of 
extract against the damage of the liver.  Tribulus 
terrestris is being used against various diseases for a 
long time for the strengthening of the body’s 
resistance, restoring normal function of the body to 
consolidate the constitution and promoting blood 
circulation(26-28). In the present study, among the 
all solvent extraction, Benzene solvent extraction of 
Tribulus terrestris was not promote the liver 
function.  Because the AST, ALT and Bilurubin 
levels were not restored.  But in Pet-ether solvent 
extractions of T. terrestris administration was 
drastically restore the transaminase activities and 
bilurubin level to near normal level in the serum of 
mercury intoxicated mice. The present study 
suggest that the pet ethar solvant extractions of T. 
terrestris having more efficacy than the other 
solvant extractions to promote the 
elimination/nullify the mercury toxicity in mice. 
The elemination of metal led to decrease the free 
radicals level and the cell membrane damage was 
decreased.  These might cause the less  leak out of 
the enzymes such as AST and ALT into plasma. 
Similar type of results were observed by Rathore 
and Nandi (29) in cadmium intoxicated rabbits 
when administrated with Liv 52.  Cadmium 
treatment increases AST and ALT activities, while 
Liv. 52  therapy restores  them to normal values. 
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